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Rack and pinion steering system 

Field of the Invention 

The invention relates to a rack and pinion steering 
system for a motor vehicle, having a steering housing in 
which a rack is mounted so as to be longitudinally 
displaceable, the rack having a prismatic form with two 
bearing faces which are inclined at an angle to the toothing 
plane and symmetrically with respect to the toothing, and 
having a pinion, which meshes with the rack, and a pressure 
piece which is arranged on that side of the rack which lies 
opposite the engagement side with the pinion and has a back 
pressure face which rolls without sliding on an associated 
face of the rack, the pressure piece being prestressed in the 
axial direction against the rack with the aid of a spring. 

Background of the Invention 

Rack and pinion steering systems of this type have been 
known from the prior art for a relatively long time. In 
these steering systems, the rack is guided in a steering 
housing so as to be displaceable in the longitudinal 
direction- A pinion which is mounted rotatably in the 
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steering housing engages in the toothing of the rack and, 
when the steering column which is connected fixedly to the 
pinion so as to rotate with it is rotated, brings about the , 
lateral displacement of the rack, which in turn leads to 
pivoting of the steered wheels of the motor vehicle via track 
rods and steering knuckles . The engagement of the pinion 
into the rack is held without play, in that a pressure piece 
which is in contact with the rack opposite the pinion presses 
the rack against the pinion under spring prestress. Here, 
the pressure piece has to be able firstly to transmit the 
required pressing force and secondly to offer a bearing 
surface which does not cause any discernible friction forces 
or any substantial wear when the rack is displaced on the 
pressure piece. 

A pressure piece which is configured generically in this 
way is known from DE 82 03 943 Ul . According to figure 5 of 
this prior publication, rolling friction is realized between 
the rack and the pressure piece in such a way that two roller 
bearings are arranged in the pressure piece. Each of these 
roller bearings is mounted on an associated bearing journal, 
which bearing journals are in turn fastened for their part in 
the pressure piece. The axes of the bearing journals form an 
enclosed angle of less than 180°, with the result that the 
bearing outer rings of the two roller bearings form a V- 
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shaped surface in which the rack of V-shaped configuration 
rests . 

Here, it is a disadvantage that this complicated type of 
roller-mounted pressure piece requires a large amount of 
radial and axial installation space. Furthermore, a large 
number of individual components are required which make the 
installation of the entire pressure piece unit difficult. 

StJinmary of the Invention 

Proceeding from the disadvantages of the known prior 
art, it is therefore an object of the invention to provide a 
pressure piece of the generic type for a rack and pinion 
steering mechanism, which pressure piece can be manufactured 
relatively simply. 

According to the invention, this object is achieved in 
accordance with the characterizing part of claim 1 in 
conjunction with its preamble, in that the pressure piece has 
two bearing faces which lie opposite one another and are 
inclined with respect to one another, at least in each case 
one axial roller bearing with in each case two runner plates 
and a rolling body set situated between them being arranged 
in the bearing faces of the pressure piece which lie opposite 
one another, one runner plate of said axial roller bearing 
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being held fixedly in the pressure piece so as to rotate with 
it, and the other rotatable runner plate of said axial roller 
bearing extending inclined at a defined angle with respect to 
the bearing face of the rack, with the result that a point of 
contact is formed between the bearing face of the rack and 
the rotatable runner plate. 

The advantage of the solution according to the invention 
lies, in particular, in the fact that, in order to reduce the 
friction between the pressure piece and the rack, their 
design does not have to be changed. It is necessary only to 
use axial roller bearings in the inclined bearing faces of 
the pressure pieces which are known per se. Axial roller 
bearings of this type are available in a wide variety of 
design variants in different generic types and shapes, as an 
inexpensive bought-in part. A further advantage of the 
realization of the rolling friction which is known per se 
between the pressure piece and the rack consists in that, in 
comparison with the special designs according to the known 
prior art, a considerable amount of installation space can be 
saved. As a result of this, the rack and pinion steering 
systems according to the invention can be manufactured more 
inexpensively and more simply. 

Further advantageous design variants of the invention 
are described in claims 2 to 16. 
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In accordance with claim 2, there is provision for the 
rack to have a Y-shaped profile. A particularly stable 
connection between the pressure piece and the rack is 
realized by this profile of the rack. 

It is apparent from claim 3 that the rotatable runner 
plate is of spherical cap configuration and its convex 
spherical cap face is in punctiform contact with the bearing 
face of the rack. 

According to other featu res of the invention in 
accordance with claims 4 and 5, the axial roller bearing is 
to be a ball bearing or a needle bearing. 

According to a further additional feature in accordance 
with claim 6, that runner plate of the ball bearing which is 
arranged fixedly in terms of rotation in the pressure piece 
is to be configured as a sleeve which engages around the 
runner plate of spherical cap configuration with its edge. 

It is apparent from claim 7 that the axial roller 
bearing is configured as an axial angular contact needle 
bearing, the bearing needles of which are guided in a cage. 

According to another additional feature in accordance 
with claim 8, the rotatable runner plate of the ball bearing 
is to be of mushroom- shaped configuration with a stem and a 
convex spherical cap face, the stem being accommodated by a 
sleeve, the needle ring of which surrounds the stem. 
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It is apparent from claim 9 that the runner plates of 
the axial roller bearing are connected to one another by a 
retaining element. 

In accordance with claims 10 and 11, the axial roller 
bearing in the pressure piece is either to be inserted into a 
blind hole or pressed into a through hole. 

In accordance with claim 12, there is provision for the 
component parts of the axial roller bearings to be 
manufactured at least partially by a chipless shaping 
operation. 

It is apparent from the second independent claim 13 that 
the pressure piece has two bearing faces which lie opposite 
one another and are inclined with respect to one another, at 
least in each case one axial sliding bearing with in each 
case two runner plates being accommodated in the bearing 
faces of the pressure piece which lie opposite one another, 
one runner plate of said axial sliding bearing being held 
fixedly in the pressure piece so as to rotate with it, and 
the other runner plate of said axial sliding bearing 
extending inclined at a defined angle with respect to the 
bearing face of the rack, with the result that a point of 
contact is formed between the bearing face of the rack and 
the rotatable runner plate. 
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In accordance with claim 14, there is provision for the 
rotatable runner plate to be of mushroom- shaped configuration 
with a stem and a convex spherical cap face, the runner plate 
which is fixed in terms of rotation to be configured as a 
sleeve, the base of which is provided with an axially 
oriented projection, the axially oriented projection being in 
contact with the base of the stem, and bearing needles being 
arranged between a circumferential surface of the stem and 
the sleeve. 

According to the third independent claim 15, the object 
is also achieved in that, in a rack having a cylindrical form 
which lies opposite the toothing, the pressure piece has two 
bearing faces which lie opposite one another and are inclined 
with respect to one another, at least in each case one axial 
roller bearing with in each case two runner plates and a 
rolling body set situated between them being arranged in the 
bearing faces, one runner plate of said axial roller bearing 
being held fixedly in the pressure piece so as to rotate with 
it, and the other rotatable runner plate of said axial roller 
bearing forming a point of contact with the rack. 

Finally, according to a last feature of the invention in 
accordance with claim 16, the cylindrical or arcuate rack is 
to be provided with a longitudinal recess which is adapted to 
the profile of the rotatable runner plate. During the design 
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of said longitudinal recess, it should again be ensured that 
a point of contact is formed between the rack and the 
rotatable runner plate. More exact guidance of the rack is 
achieved by this feature and torsional moments are supported 
reliably, with the result that rotation of the rack is 
prevented in the axial direction. 

The invention will be explained in greater detail using 
exemplary embodiments which follow. 

Brief Description of the Drawings 

In the drawing: 

figure 1 shows a partial longitudinal section 

through a rack and pinion gear 
mechanism which is configured 
according to the invention, 

figures 2, 3, 4 and 5 show a longitudinal section through 

pressure piece units which are 
configured according to the 
invention, with and without 
associated rack. 
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figures 6 and 7 show a longitudinal section through 

axial roller bearings which are 
configured according to the 
invention, 

figures 8 and 9 show a longitudinal section through 

further variants of a pressure piece 
unit which is configured according 
to the invention, and 

figure 10 shows a longitudinal section through 

a pressure piece unit, with the 
longitudinal recess of the rack. 

Detailed Description of the Drawing 

As can be seen from figure 1, a steering spindle 3 is 
mounted in a steering housing 1 via a needle bearing 2 which 
is arranged on the left and a further roller bearing which 
cannot be seen on the right , the pinion 3 . 1 of the steering 
spindle 3 meshing with a rack 4 . When the steering spindle 3 
is rotated, the rack 4 is displaced laterally and causes the 
wheels (not shown) of a motor vehicle to pivot via track rods 
and steering knuckles (likewise not shown) . 
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The rack 4 is of Y-shaped configuration and has two 
bearing faces 4.1, 4.2 which are inclined symmetrically at an 
angle with respect to the toothing plane of the pinion 3.1 
and the rack 4. A pressure piece 5 is accommodated in a 
receptacle hole 1.1 of the steering housing 1 and is arranged 
so as to be displaceable in said receptacle hole 1 . 1 along an 
axis 6. The pressure piece 5 is acted on by a spring 7 on 
its underside, one end of said spring 7 being supported on a 
base 8 which is inserted into the stepped receptacle hole 1.1 
of the steering housing 1. The pressure piece 5 has a 
profile which corresponds to the negative of the Y-shaped 
rack 4, that is to say it is adapted to the profile of the 
rack 4. It has two bearing faces 5.1, 5.2 which are inclined 
symmetrically at an angle with respect to one another, merge 
into two flanks 5.3, 5.4 which drop away vertically and 
extend parallel to the axis 6, and are connected to one 
another by the base surface 5 . 5 which is arranged at right 
angles to the axis 6. 

As figures 1, 2 and 3 show further, in each case one ball 
bearing 9 is inserted into the inclined bearing faces 5.1, 
5.2 of the pressure piece 5, which ball bearing 9 comprises 
two runner plates 9.1, 9.2 between which bearing balls 9.3 
roll. The runner plate 9.2 is pressed fixedly into a blind 
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hole 5.6 and is connected to the movable runner plate 9.1 via 
a retaining element 9.4 in the form of a pin. As can be 
seen, in particular, from figure 3, the runner plate 9 . 1 of 
spherical cap design is arranged with its convex spherical 
cap face inclined at an angle a, with the result that in each 
case one point of contact 9.5 is formed between the runner 
plate 9.1 and the bearing faces 4.1, 4.2. The angle of 
inclination a is formed by the bearing center axis 9.6 and 
the normal 9.7 with respect to the bearing faces 4.1, 4. 2. of 
the rack 4. A swirl lever distance which is denoted by a is 
formed by this tilting by the angle which swirl lever 
distance makes the rotation of the runner plate 9.1 possible 
in the first place. In the event of lateral displacement of 
the rack 4, the two movable runner plates 9.1 of the ball 
bearings 9 are set in rotation about their bearing axis. 

The axial angular contact needle bearing 10 which is 
shown in figures 4 and 5 again has a movable runner plate 
10.1 of spherical cap design and a runner plate 10.2 which is 
pressed fixedly into the blind hole 5.6 so as to rotate with 
it. A needle ring which comprises bearing needles 10.3 and 
bearing cage 10.4 is arranged between the two said runner 
plates 10.1, 10.2, the bearing needles 10.3 being arranged so 
as to extend inclined at an angle with respect to the bearing 
center axis 10.5. The movable running plate 10.1 is again 
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arranged so as to extend inclined by the angle a in the 
described manner, so that the result is in each case one 
point of contact 10.6 between the bearing faces 4.1, 4.2 of 
the rack 4 and the two runner plates 10.1. 

The ball bearing 9 which is shown in figure 6 is 
distinguished by the fact that the runner plate which is 
arranged fixedly in the pressure piece 5 so as to rotate with 
it is configured as a sleeve 9.8 which surrounds the runner 
plate 9.1 of spherical cap configuration with its edge 9.9, 
with the result that a captive structural unit is formed. 
Said structural unit comprises the sleeve 9.8, the runner 
plate 9.1 and the bearing balls 9.3 which are arranged in 
between. 

The ball bearing 9 which is shown in figure 7 is 
distinguished by the fact that the rotatable runner plate 9.1 
is of mushroom- shaped configuration with a stem 9, 10 and a 
convex spherical cap face. The stem 9.10 is accommodated by 
a sleeve 9.11, the upper edge 9.13 of which encloses the 
convex spherical cap face of the runner plate 9.1. In this 
way, a captive structural unit is again formed. Bearing 
balls 9.3 which absorb the axial pressure are arranged 
between the base face of the stem 9.10 and the base of the 
sleeve 9.11. A needle ring 9.12 which guides the runner 
plate 9.1 in the radial direction is arranged between the 
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circumferential surface of the stem 9.10 and the inner 
circumferential surface of the edge 9.13 of the sleeve 9.11- 
Accordingly, there is a combined axial -radial bearing in this 
exemplary embodiment. 

In the rack and pinion steering system which is shown in 
figure 8 and represents the content of the second independent 
claim 13 and the subordinate claim 14, the axial forces which 
occur are not absorbed by rolling friction but by sliding 
friction. The rotatable runner plate 11.1 is of mushroom- 
shaped design, that is to say it likewise has a convex 
spherical cap face and a stem 11.2. The runner plate which 
is arranged fixedly in the through hole 5.7 of the pressure 
piece 5 so as to rotate with it is configured as a sleeve 
11.3, the base 11.4 of which is provided with an axially 
oriented projection 11.5. The latter is in contact with the 
base face of the stem 11.2 and thus absorbs the axial forces. 
The advantage of the through hole 5.7 over the blind hole 5.6 
lies in the fact that tolerances can be compensated for in a 
simple manner by a different position of the introduced 
bearing. Bearing needles 11.6 are arranged between the 
circumferential surface of the stem 11.2 and the inner 
circumferential surface of the sleeve 11.3. It is also the 
case in this design variant that the rotatable runner plate 
11.1 is arranged inclined at the angle a, so that the result 
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is in each case one point of contact 11.7 between the 
rotatable runner plate 11.1 and the bearing face 4.1, 4.2 of 
the rack 4. In this way, a combined axial-radial bearing is 
formed, the axial forces being dissipated by the projection 
11.5 and the radial forces being dissipated by the bearing 
needles 11.6. However, a bearing has been shown only on the 
right for reasons of simplified illustration. 

In the rack and pinion steering system which is shown in 
figure 9 and represents the content of the third independent 
claim 15, the rack 12 has a cylindrical or arcuate design on 
its side which lies opposite the toothing with the pinion 
3.1, that is to say the back of the rack 12 which faces away 
from the toothing is of arcuate configuration. The 
associated pressure piece 13 is adapted to the profile of the 
rack and, as viewed in section, has a U-shaped design, the 
opposite bearing faces 13.1, 13.2 of which each have a blind 
hole 13.3 in which in each case one ball bearing 9 is 
accommodated. The exact description of the bearing 9 can be 
omitted at this point, as it has already been described in 
detail in figures 2 and 3. On both sides, in each case one 
point of contact 9.5 between the rack 12 and the rotatable 
runner plate 9.1 is formed owing to the arcuate design of the 
rear of the rack 12. It is also feasible in this case for it 
to be possible to use an axial sliding bearing instead of an 
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axial roller bearing. 

As can be seen from figure 10, the rack 12 is provided 
on both sides with in each case one longitudinal recess 12.1, 
in which the rotatable runner plate 9.1 of the ball bearing 9 
is guided. Here, the profile of the longitudinal recess 12.1 
is adapted to the respective profile of the inserted runner 
plate 9.1. In this way, improved guidance of the rack 12 is 
realized. Torsional moments which occur are supported 
reliably, with the result that deformation of the rack in the 
axial direction is prevented. 
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List of Designations 

1 Steering housing 
1 . 1 Receptacle hole 

2 Needle bearing 

3 Steering spindle 
3 . 1 Pinion 

4 Rack 

4 . 1 Bearing face 

4 . 2 Bearing face 

5 Pressure piece 

5 . 1 Bearing face 

5 . 2 Bearing face 

5 . 3 Flank 

5.4 Flank 

5 . 5 Base surface 

5 . 6 Blind hole 

5.7 Through hole 

6 Axis 

7 Spring 

8 Base 

9 Ball bearing 

9 . 1 Runner plate 

9.2 Runner plate 

9.3 Bearing ball 

{00708285.1} 



9.4 Retaining element 

9.5 Point of contact 

9.6 Bearing center axis 

9 . 7 Normal 

9.8 Sleeve 

9 - 9 Edge 

9.10 Stem 

9.11 Sleeve 

9.12 Needle ring 

9.13 Edge 

10 Axial angular contact needle bearing 

10.1 Runner plate 

10.2 Runner plate 

10.3 Bearing needle 

10.4 Cage 

10.5 Bearing center axis 

10.6 Point of contact 

11 Axial bearing 

11.1 Runner plate 

11.2 Stem 

11.3 Sleeve 

11.4 Base 

11.5 Projection 

11.6 Bearing needle 
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11.7 Point of contact 

12 ' Rack 

12.1 Longitudinal recess 

13 Pressure piece 

13.1 Bearing face 

13.2 Bearing face 

13.3 Blind hole 

a Angle of inclination 

a Swirl lever 
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